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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an Fe 
base metallic glass alloy capable of easily 
obtaining a bulky one having soft magnetism at a 
room temp, and thicker than an amorphous alloy 
thin strip obtained by the conventional liquid 
rapid-quenching method. 

SOLUTION: This alloy has the temp, interval 5T 
of a supercoolant iiq. expressed by the equation 
of 5Tx=Tx-Tg (where Tx denotes the 
crystallization starting temp, and Tg denotes the 
glass transition temp.) to be regulated to >35'' 
K, contains Fe as the essential component, 
necessarily P and Si as semimetallic elements, 
at least one or more kinds among 0, B and Qe, 
and at least one or more kinds among the group 
IIIB and IVB metallic elements in the Periodic 

Table, and in the alloy the ratio of Si to P satisfies 0<Si/(Si+ P)<0.4. 
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(57) CS«i*l] 

mSk^m ATx=Tx-Tg (fcf£LTxl*®®^b§il 

sMtta I I I Bm&is I vBffii<D&a7ci!ia> 
-5S i tP<r>itmi><o<s i / (s i +p) go. 4$ 
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[»«ai] ATx=Tx-Tg (fcfc-LTxl4®a<bg8 
•r-^*-. A>oc. B. G o0)3i&a>d>«:< it. 1IIJel± 

I I I Bm&if I V Bm<D^m3bma> 

5 *.<D'>^f < i: 1 aJil±$^^-e^c y . )i^-%(cfcit 

-6S i tP<DttmA<0<S i/(Si+P)^0. 4$ 

[iii^«2] tsmmm^ I I I BiiSi&i; i v Bt^o 
t i, 1 mtcL±-Q&i, z t -r 1 izumo 

CSi*«4l «?riaATxA<5 0KJil±-e3&-6Ci:S!^ 
-r 5J?3S 1 ~ 3 G>t^-r*tAMc8Btt(© F e ftttSBUfe 

A I : 1 --I 0% 

Ga : 0. 5 ~ 4% 

P : 1 5%JSIT 

C : 7%JilT 

B : 2 ~ 1 0% 

Si: 1 5%JilT 

F e : asp 

■ej&SCi: ^^S[i:-r41f^« 1 ~40!>LN-r*LAMclE« 

[|j|*a6] fisss i a)SJ!inaj!)<lS-¥-%-ei . 

3. 5%-e&*Ci:*4««t-r««««5lCffi«<©Fe 

o. ii^si/(Si+p)So. 2a-c$»y, JStt; 
ai}f»^i=^y«&tit=i^aKm4i(Di««(7>fi^<D«$ t 

max** 2 O O // mJsl±-efe5 c t $4#«Si:-r«»«a 1 
[myitis 8 ] ffire F e suktitt^fi^? 

IC, Jg^%-eGeA<4%J2lT$^**trt^'6Ci:S»« 

^-r«n««5xa6i=iBtt<3!>F eittumitMis^x 
9 ] MfB F e s«({8i£#is^7 ;^d«a>«anfc 

(C. -C Nb.Mo. Hf.Ta,W. Zr at^ C 

C t Sl^atr 5 ~ 8 ©l^■rt^.3!)^l::ffitic<D F e 

[Myitis 10] ffirts F e s«k{Stt&B#7 7.^±(oia. 



filtic, ll-T-%-eO~1 0%fl)N i i:0~30%0)Co(D 
at.'>'S< tt-?3A<^**^^rL^4C^:$!t#fi!t^:•r•6 
8R^« 5 ~ 9 <Dl^-rtHiMzKma> F e S«({it1t^ll«7 

11] 8tr85 F e £«k<»1i^B^7 X^^IC. 

3 o o~ 5 o o'x:<o^SLmm<om9&mtmi^xui,z 

t^^mt'ti>mn^m^ ^ 0<DL^•r*1.A^I=IB«<DFe 
[0001] 

[0 0 0 2] 

^J1^7X$^ (glassy alloy) im^-T?) 

X^^tLr. Ln-AI-TM. Mg-Ln-TM, Zr 
-AI-TM, Hf-AI-TM, TI-Zr-Be-TM 
(.tztz LLn I44&±3S7C«. T MUai^^S* ^r. ) 

[0 0 0 3] 

[fglBA<fS34LJ:3i:-rS»®] LA^U'Sj:*<f>, 

e)*Lrt^•sc4^e>(03fe®*r5x^^l4, c^rtvt. 
icj3t^r«it^it-Dcti*^<, ca)Ji5l=^3l^T^ai4« 

«i: LTmf=li^(cX^fi<](zl4^^^c*J$t|6t3&ofco 
or. fi£3lEJ:ySa-emi4**U. J5tv^;u^'ttO)t(D 

[CO 0 4] c:ctf«rScDi!afi£a>-&*icfctNr. iSJ^Jai 
iigATx. But). iisa^tBSjidias (Tx) ■ti'jT.mn 

M (Tg) ap^, (Tx-Tg) <Dttl*-«lC 

X««fiKr«Cta>T?^-6^^(0#ai4, tltSS^fiKOT 
^;U-7TX^^(0jil»i: Lr(7)|?$a)fiJi|i?)$3Efl8priSB«C 
;&*!5afi<)l=l4^CM=;:£S**ti.ttD-Cfe4. 

[0 0 0 51 i*±iBfl>«ai=sE^. Sia-cwsaii 

SWU. ii£3lEa>5Si*^/^i£T?f#e>*v4T^;U7TX^* 
»«J:yt.l»<, /<;W^?tt(Dt<DA<®ai=»&4t«Fe 

tt&a 7 x^fK $s^r « c £: ^ i M ^ -r 
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[O O O 6] 

X^^li. ATx=Tx-Tg (*:fc*LTxl4ea<blBS&a 
)*ffljS«:cDiaSlfflPi5ATx*<3 SKJ6l±-C&y. Fe$ 

I I Bt£&t;i \/Bm<n^m7tu<no*> 
a)'>«c< t4.iffiisi±*^^-c«cy. ii*%ica3itss 
i ^pa>ht«;6<o<s i / (s i +p} go. 4$^f= 
■rcii^ittst-r^to-c**. ±fB@^9si I IB 

te&i; I VBlKCD^BTcSli: LTIi, AK Ga. In 

y s ^<Dn^<nmX<T>U^ t max** i 5 O mJ*l±(7)t 

[0 0 0 7] ^:ig|SI=*5LXT, F «Stt«tt*B^f^X 

^^a)iafiKliJl-?-<HT?, A I : 1 — 1 0%, Ga : 0. 
5~4%. P : 1 5%WT» C : 7%JMT, B : 2-1 
0%; S i : 1 5%JJIT, Fe -6 i: 

<t-rSc ±85s i ©ainfli*. J5-?-%T7 1. 5-3. 5 

lt-6S i t P<Dlt*£0. 1 1 gS i / (S i +P) g 

o. 2 8^Lr=«$ictt. ^ft:@i;$%izj:yi9&nsi^ 

AH$1i(0S^a>ig:^a}J9^ t maxiil^S 00 u m]ik±.<D 

14*E*f7X^^fl!>iafi!clC. lS-7-%-eGe;b<4%lsiT# 
***irt^Tt,J:U. *«WCfC4. ±ffiFeS««tt* 
B*J7;^^^<0lli^lC, Jl'^-W-CNb. Mo, Hf, T 
a, W, 2 rai/C r(7>5*,'>^e< 1 @Jil±A<0~ 
7%##^i^TL^rt<feL^o ^^^^-ei*. JiSBFeSIK 

«t£d@tf7Xdjfe<Dffl«i=. is?%-eo~i 0%a)N 

i i: O — 3 0%a>C o<D3^.d^'iC< <k t— :^3!)<^^*+t 

3 o o - 5 o o%c9iasasffla>iKjia93b<SE^ 

[0008] 

ffillroLNTKM-r*, tt3fEA^e>Fe3Sa>^*tLT, F 
e-P-CS, Fe-P-B^, F © -N i -S i -B^^fO) 

jSf»:(DS5mRIATx;()^ 3 5Klil±, mmz^r>xit 



[0 0 0 9] ;$:|6lll=fiS«FeStt:<S1tlfe@^7^$« 

14. ■€■a><afiE(COL^TI4. Fe^iJ5lt»i:L, SIC. fl& 

<o&B t iJi^E t L fc t. a> i: L r s^-r c t I? 

(-^-rjs) 36<j&rfficx&+L. L*^tc mm) . b (i$ 

an) , Ge (y;UT=.l7A) a)9*)<0'J?'S< tt-iS 

JtSii, 0<S i/ (S i+P) go. 4*afcUTj3 
y» »*L<l*0. KS i / (S i +P) go. 3 5 

•efcy, j:y»*L<i*o. i<si/(si+p)g 
o. 3 it&(o^s^i4. I I iBm».ui\/Bm 

«IJill4, A I (T.»l'5-'5A) . Ga (^'Jt7 

[0 0 10] J:yjH*:a<llr«l|3%-4-«t, *fB«-Cf(4, -t 
(DMfi!t6<lS^%Ts A 1 : 1-1 0%, Ga : O. 5- 
4%, P : 1 5%UT. C : 7%Jsi.T. B : 2-10 
S i : 1 5%JilT. Fe : 3igBT?&oT, ^bIS^ 

-60 C:a)J:3lCF e -A I -G a -P-C-B^OT^B 

^7xizs i ^aiJSPL. L3!)^ts i (OPicj^-rs^anit 
^A<o<s i / (s i +p) go. 4SjSfc-r«feoic-r 

«C^lc<):y, i&;«9]^f»:<Dlg5IB]NiATx$lRl±$« 

^^^htm.-)%^mww&hTx-b^mm.-i-i><Dx. is 
5-3. 5%-c&«ctA<»*Lt^o ±ffipa>»inQ 

I*, jpB^%-e7~9%3b<»^L<, J:y»*L<l45- 
±ffiCfl)^3!lflfil4. 2 ~7%1f& 

4Ci:3!)<J:y»*LL^„ 

[0 0 1 1] ±fed!>lfiAl=^l.^-C. $<E>IC, Ge 

*<JS^%-C4%J«IT^*$*V-Ct^Tt,J:l>o *t=. ±IB 
(D^mzni^X. Nb, Mo, Hf. Ni. T 

a, W. 2 r&t;C r09*>)S^?>ffi«**t*1«Jil±a) 
*BSSSA<JS^•%■eo-7%$^**l■CL^-Ct<l:L^. * 

J:Ea)^fl«lcfca^"c, mic. is^%t?o~i o%co 

xl*. 3 5Klil±. lifiKl=J:-3ri45 0KJil±<l<»e)*l 
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So 

[0 0 12] :tifif!^izmi,F 9itwimi±^mii37.'^^ 

(=J:or, 'J7K> (»») tt. 

^a>a>*<D»tti: i,-ca!iJS**L4o cti^rosit^aic 

0 iglU±(DJ9 ^ ^ S(D^ $ $ (0 F e SI^MIi^S 7 

ik**o. 1 1 i / (s i +p) ^o. zstLtz 

[0 0 13] ztiia>-:^^izjii')miotitz±l&<Dt&m<D 
^tft, S^fcSoft magnet ic^#14 (tt«ta^14) ^Wf 

a^f 7 x^sfeic*j L^T#«•r swaijis* 

tt-Cft*. ^tzs mi^m^&tLXtt. 3 0 0-S00 
• C36<^f*Lt^. #i'J-iafiTcJJlTa)l»ilflS-CI4. 

iasiafittd?3&: < i t. 3 o o 'tiii±-e2& i> c t *<es-e 

^tz, 4 5 0%liJS(=J3it-&llftfll9-Cfl4. iiftfllS 

mtfimt&mwkffit) ^tzitmammmibizii^&m&otd 

S-^*lt^«>igSl43 O 0~5 O O'C, ^W^St, 3 



3 0 0~4 5 0°CA<J:yif$H,^. &i&^mz-0 

^tta<D^$$. mv^mz^ii'sx. »mtjiy%tosLmii<9k 

ii«l*i ~i 04K/sSa©l5H$iSi:-r 
4ci:36<l?^4. -tLT^ SlliSlcli, ^^;^<a (glassy 
phase) IC» teS<it LTOF e3B, Fe2B. Fe3 

p A<«f ui r * if 5 sjtffi-r s c t -cato « c 

to 0 1 4] 

^0? F eSIR{B1£^Ja^7X^^I=Ol^-C^lCP$Bll=l» 



rHJfi^lJU Fe, A I SlKGa F e-C^^, F 

e-p^4, s i ^^mtLx^in^itm^mnm 

L. MBEA rS?fflaTlc^J^.^rc^^e.<DJ^l(!4^SJajttSI 

«»D8ft=l'f ;U-ej§ML« l5^-iiaji)ctkA<F e70A l5Ga2 
P12. 65-xC5. 75B4. 6S ix(x = 1. 2. 3, 4)<0 
>=f-y h^ftaiLfc, tt«a)fc«)(= F e , A I 

JBLlSGat. Fe-C^^. Fe-P^^, B^HJSJtL 

x±^<Di5mtmmtzLx. is^iiafiJtitA^F 070A 15 

Ga2 (P55C25B2O) 23 (x = 0) O-f >=f'> hSft 

xy«yhgo. 4 5 y» y X^ujtatta— ^baffiioffi 

SI (4r-Vv:?) O. 3-0. 4 5mm. □— ^H1H£»2 
0O0~2OOrpm. P— >USffi(4# 1 O O 0 ~# 1 
5 0 0-CWB. HfflftE* 6 6 O h— -(1/ (Ar««) . 
S*aE*0. 3 2~0. 4 2 k g f /cm2|ctaSLr 
aHittfetC?), t max 1 3 O ~ 2 8 O m<T>?Si*JilJ^ 
»«^SfeK3tst*f#Swi:A<-e#fc. sue, #&*ifc'S- 

^^<om»^>^M^-^±Kn<onmzr3L^xm'<tz^m 

[GDI 5] 

[ai] 



Si 

mmmx 

(at%) 


(K) 


(jitn) 


t»30 M 


ffsXiO® 
(Wbm/kg) 


He 
(A/m) 


;u 6(1 kHz) 
at t=50;im 


AsXlO^ 


Tg/Tm 


0 


42 


130 


amo. 


181 


1.7 


15100 


2.5 


0.57 


1 


44 


150 


amo. 


168 


1.4 


14900 


1.3 


0.58 


2 


51 


240 


amo. 


173 


1.1 


19100 


2.0 


0.58 


3 


60 


280 


amo. 


176 


2.0 


19800 


2.2 


0.59 


4 


36 


140 


amo. 


177 


1.5 


16800 


2.6 


0.58 



[0 0 16] ±Ka 1 l=*f*«a^a>j««:gL}!JSS«^^ 
K«l=*Jlt«Tg, Txli. DSC (O. 6 7K/S) 



14, XRD (.xmrnmrn) xmitmmLtz&m^mLx 
-To ik^mit (0-8) i^mtiRiis^siiit'ibaiissa (so 
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OkA/m) , (He) lilSSttB-H^U— Z^hU 

—■ y— (±1. 6kA/m) . (/ie) tt-f>e 

— y>^T-^-^-r-tf— (0. 8A/m) , Tml±3«SSIft 
(O. 3 3K/8) . fiSfQiaS (As) liC^mSQ 

}#f^B33 0«-e3&of=o 
[0 0 17] m^ it. fij|[i^3 O jum<OF e70A I 5G 
a2Pl2.65-xC5.75B4.6S ix (x = 1, 2. 3. 4) 

<£S^flM<»5g^^:m>^f jS^^^KJi^i , f e 70 a i sg a 2 

(P55C25B20) 23 (x = 0) tj:hW&<D)&{$i^i%n^ 

1AV&. S l<l>mta{Hfi3'a t% (x = 3) $-?l$#Sflft 

)!lDQ;6<4a t% (x=4) tfggfttf— 5^ (*2 4i|c 
5j>SiL. @S^bl^2lft|Ii-C&C<&Ci:;!)5t>;&NS. 

££l^ia5^J3)?S«:l«A<#aUATx=Tx-TgT?^r 

m»^7%n^^^un^^f^mtf-'t? (sosk. 8 7 
3K) -Qmmm^^^tz^. xmsim^<^->^iM^tz 

tC?>, iSBOje— "J? (80.3K) (ibcc-FeO) 

mmiz^miL^ 2S§a>e-'9 (8 7 3k) (^fo 
38, A I Fe3co:5*o«TaiicffiSf stro-e&s* 

[0 0 18] mzit. ^i&m<D}&VfiM>i^iQ^'^^un<j> 

Si^aa (Tg) , iajf»aaiaig«i« (atx) , r^^w^ 

TxttS i = 3 a t%^-Cld:S i (DSillDfia>litt]lCf4il^ 
aaffl!lf=->7 h L-CC^-5)!><. S i = 4 a t 

LytDscdltaa>J:7i=s i =4 a t %-t>ttt@Aib3&<:^ 
»Pi-eecS*9l='Ecy, b o c-F eA^SfttlLSOS 

SfiiJIO:? hL, x=3~4lcAMtTI5IS-Si:^^o-C 
t^-6*<, SiBfflJ'^roi'^ h«>a^l*TxO«#i:Jt-<-C 
'^^C^o ^a>m^. ATxIiS i = 3 a t % (X = 3) 

m«©jE3^j6<^&e>*i4tniaxl*> A Tx/l<ffi^**-r S i 
= 3 a t%lCtet\-C«5*<B**L-Cfcy, -tLT, S i 
= 2~3a)i:# tinax=2 0 0/:/mJil±6<^<5>*vTt^.S 
Ctjtl<S4&&ih.-5o Fa-AI-Ga-P-C 
-B^O^^ICS i $StoJ-r^Ct(Cj:y, ATxA<5 
0A^6 6 0Ki:*«lcjt<«cy, T^^U^T-:^ (I^S 



[OO 1 9] BI3I«, ^t&fit<D7&i«iit)^n^-^^1An<D 
ia»«<b (as) i+a-'J-iSi (To) <0S i SJ!iaQ»# 

lis i =1 a t %-e«i'h$giL, -t^ife, s i ^iQfKo 
mtaizwi'^m^Lxtsy). tc (hi ica^Lfcosctt 
®J&^&*«)f=, ) t x = i -effi/jN^^u. •f-ojift, s i 
atelQa)lgilDlc#l\BSfli|(ci/7 hLTLN^Ci:JiNt)Cr 

s(Oge<biis i %JDai=#7Tca)^^i:i=eHL-ct>-&tco 

[0 0 2 0] 121414. SJil5 0x/mlCfc(t^#ia/5Ka)?S 
«:ai)^S«^^K*405S«^ (/ie. atl kHz) 

fomm (As) <DS i ^^)nfl«Sttlcot^r*Lfcta> 
■efe-s. H4tc*res*^&Asi*s i =1 a t%-c 

Wi^tU^ti^. fjieits i = 3a t %-eM:*:i'Jf-3rt^ 

B 4 1=^ Ltz u 9<amt[tm 2 Lf= a Tx£ 
tinax<OS<b<!:>^lCUT*jy. T^;i'7T;?.JKSKfi6<D* 

[0621] rs|J£^2j JRIC, F e70A I 5G a2P 
12. 65-xC5. 75B4. 6S ix^CiM^i:- Fe72Al5Ga 
2PII-XC6B4S i x^C^fflJiltt. Fe73Al5Ga2P 
11-xC5B4S i x^fSiasEl-teL^T, -t^t-^^VS i 

G$2E<b*-B-Tj«frti,i»}e^^*iitj|Bj$ffssLf=. mw 

5(=^^. B5(c$-r4@l|]b^&qfl&d>^J:3l=F e70A 
I 5G a2Pl2. 65^xC5. 75B4. 6S i x^^ti^<DS?^-d' 
^K<st-ei4, S i =3a t %<Oi:#ATxA<a*t^i:o 
T*sy» F e72A I 5G a2Pl1-xC6B4S i x^C^>ifi^ 
C0}8»^*tt«-CI*. S i = 2 a t%a)i:#ATx*<a 

^i'Sfo-cfcy, «£oT, ATxA^a^fEcss \ mm 

SI*, S i ^^*Q-r4Fe-A l-Ga-P-C-BS 
(}>^^<J>&:$iil&miZ i^-:>Xi^tji^z.t t<t>t)'' i> o 

[0 0 2 2] B6ii, ATxOliS^s i «taiAia)i3-ir(0 
mvmmt l, s 1 ^jjdq* p t a>m^m-^xmmt t 

fzt^Oi. m*&<bATxfl5S i/ (S I +P) tt^tt^ 

*-rt.a)-efc€>. H6ic^-riesj!i''e>§Be>3!)''<c<feoicfi. 

li«a)S5?ff$*K«a>-7'-4« I*, — 3<Dtt«±l=<DoT 

isy, t<;5ci:A^e), aiS^cs 1 ^snQispt-scDSij 
^TfE^Lfcis^-efcy, s I / (s i +p) =0. 2 

4Mi&'T?&<&C<b;b^t3;!i'''&. C(OSiJd», S i SttllcJ: 

[0023] rssfflsfiysj F e70A I 5G a2Pl2.7-xC 
5.75B4.6S ix^fSfflfifct, Fe72A l5Ga2Pl1-xC 
6B4S ixtaiA^t. Fe77A l2.14Ga0.86Pl1-x 
C5B4S i x'Sr^ia^l^^t^r, •f-;h.-?:h.S i SttiO^ 
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X*«<Dai»S}KfiK-C#i.a>:»* (tmax) «>S i gi 

lamoL^^iz^i^x^m^tzo ^■(D@ft^E7ic^i-. 

B7|Cq5Ly-=*S*36^€>Fe70A I 5G a2Pl2. 7-xC5. 75 
B4.6S i x''^'&lifil£09!a^i4EaL,^«^^i^Bi|B(l=£L^T 

I*. pi=«L-c<Ds i (oaanMA^ o. a^s ; y (s 

i+P)^0. 3 2<0i:# tinax**1 5 OA«m)ilJ:<©t 

<DA<»e>*L-ca3y. o. 1 1 • / (s i + 

f§P>4xr*5y. F e72A I 5G a2Pl1-xC6B4S 

09SSi/(Si+P)S0. 25 (Dt*, tmax** 
1 50<imiai±<Dt»<0A<»6*l.-Ctey. Fe77A 12.14 
G ao.86Pll-xC5B4S i x^f-5Mfi)t<D,=at*:,^J^»«'& 
&SCil!4l^. O. 1 8^S i ✓ (S i +P) ^0. 2 6(0 
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